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Jl ^ujj CjI^LwiajI 


'jJAj'i -L— V' ai^^l 

T Sjjb '(W 1 .)= 
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(^ >J!) ^.>11 
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>ulin f ( ^ ) = 'jl*uLuJt 
T j 1 «il- f ( i * ) = * ji*«* iii 
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p i jj t * — aij jiM ^i » >ij ) ^ji 

) ,0 S <Uajj^Il ( _ y i - - j ’j* 1 ^ ■ "' a ’' J jia 
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Structural Analysis : 


INTRODUCTION 

Mechanics, is the branch of physics concerned with the tructur of physical bodies when subjected to forces or displacements, and the 
subsequent effect of the bodies on their environment. 

o Statics - bodies at rest or moving with uniform velocity 
o Dynamics- bodies accelerating 

o Strength of materials - deformation of bodies under forces, 
o Structural Mechanics - focus on behavior of structures under loads. 

• Structural Analysis is a process by which the structural engineer determines the response of a structure to be specified loads or actions. 
Response : 

^Magnitude of force development (collapse) 

^Magnitude of deformation (serviceability) 


Structural engineering projects can be divided into 4 stages. 



1. Planning phase 


•Material ‘Structural form ‘Loads 

2. Analysis 

3. Design 

4. Construction 

The design of a structure involves many considerations, among which are 4 major objectives 
that must be satisfied. 

IjSafety (the structure must carry loads safely) 

2) Economy (the tructure should be economical in material and overall costs) 

3) Utility (the structure must meet the performance requirement) 

4) Beauty (the tructure should have a good performance) 

Therefore, the purpose of structural analysis is to determine the reactions, internal forces and 
deformations at any point of a given structure caused by applied loads and forces. 

Types of Structural forms 
•Tension and Compression structures 

• Flexural beam and frame structures (load carrying is achieved by bending) 

•Surface structures (load carrying is by membrane action) 



Tensile Failure 


t t 

Compressive Failure] 


| Compression | 


Strength : Ability to withstand a given stress without failure. Depends on type of material and 
type of force (tension or compression). 

Stiffness : Property related to deformation. Stiffer structural elements deform less under the 
same applied load. Stiffness depends on type of material €, structural shape, and structural 


configuration.Two main types; Axial stiffness and Bending stiffness. 



Cables 



• simple 

• uses 

- suspension bridges 

- roof structures 

- transmission lines 

- guy wires, etc. 


• have same tension all along 

• can't stand compression 



Arches cany the dominant permanent load case 
(usually full dead load) in pure axial 
compression. 
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Bending 














Support Connections 

•Roller support (allows rotation/translation) 
• Hinged connection (allows rotation) 

•Fixed joint (allows no rotation/translation) 



A beam have a variety of supports. 


- roller 

( 1 -DOF) 

- hinged 

( 2-DOF) 

- fixed 

( 3 -DOF) 
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The process of defining an ideal structure from a real structure is called modeling. To carry 
out practical analysis it becomes necessary to idealize a structure. 




A beam have a variety of loads. 
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- point loads 

- distributed loads 

- applied moments 


(a) 


Nonuniform 



C, C 2 

(r) 





A beam can be classified as statically determinate 
beam, which means that it can be solved using 
equilibrium equations, or it is ... 



(a) Simply supported beam 

t _ 

(ft) Overhanging beam 


(c) Cantilever beam 

v. v / 

Statically Determinate Be aim 


A beam can be classified as statically indeterminate 
beam, which can not be solved with equilibrium 
equations. It requires a compatibility condition. 


(d) Continuous lieam 



(e) Beam fixed at one end 
and simply supported 
at the other end 
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( f ) Fixed beam 


Statically Indeterminate Beams 


Foundation 


TYPES OF FOUNDATION 

Major Building Parts 


Superstructure 


Substructure 


Foundation 



INTRODUCTION TO FOUNDATIONS 


Function of a foundation is to transfer the structural loads 

from a building safely into the ground. 

•Purpose of foundation:- 

1. To distribute the weight of the structural over large area 
so as to bring down the intensity of load at its base 
below the safe bearing capacity of sub-soil. 

2. To support the structures. 

3. To distribute the non-uniform load of the superstructure, 
uniform to the sub-soil. 


The foundation can be broadly classified into: 


□ Shallow foundations 
O Deep foundatjon^^^^ 

~1 « — Wall or column 


Level with 
firmer stratum 







/ 

More 
than 3 m 





Shallow foundation- 

•Depth less than or equal to Width. 
•B >=D 


•Deep foundation:- 

•Depth more than Width. 
•B<D 


Shallow foundation Deep foundation 


B=width 

D=depth 


SHALLOW FOUNDATION 


> Placed immediately below the lowest 
part of the superstructure. Its purpose is 
to distribute the load over a wide area. 

^Shallow foundations are usually 
embedded about a meter or so into soil 

Types of Shallow Foundations: 

>Spread footing 
Combined footing 
> Strap or Cantilever footing 
>Mat or Raft footing 


SPREAD FOOTING 

>A spread footing is a type of structural 
component that acts as a base for a 
building's foundation. 

>These components are constructed from 
concrete and are often reinforced with steel 
to add additional support. 

> Depending on the size and configuration of 
the building, the footers can be buried just 
below ground level or several feet below the 
surface 


TYPES OF SPREAD FOOTINGS 



STtP*CD WAil 
fOOTWG 


SffWDCCXUMN 

FOOTWG 


Foundation... 


• Isolated footing (single footing, column footing). ..wall footing 
COMBINED FOOTING 

Combined footings and strap footings are normal used when one of columns is subjected to 
large eccentric loadings. When two columns are reasonably close, a combined footing is 
designed for both columns. 
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ELEVATION 
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COLUMNS 



Concentrated Load 



ELEVATION 



ELEVATION 



COMBINED 

TRAPEZOIDAL 

FOOTING 



ELEVATION 



ISOMETRIC 

VIEW 


Wall Footing 


STRAP FOOTING 



>When two columns are far apart, a strap is designed to 
transfer eccentric moment between two columns. 




Fig. 7 A. Combined footing (Strap beam may or may not be provided] 


^The goal is to have uniform bearing pressure. 





MAT OR RAFT FOUNDATION 


Raft 

Foundation 


>The mat (or raft) 
foundation can be 
considered a large footing 
extending over a great area, 
frequently an entire building. 
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fig. 7.& Raft foundation 


Shallow Foundations 


Mat foundation 
^ Floating (Mat) foundation 



Shallow Foundations 


Stepped strip 
footings 



ADVANTAGES OF SHALLOW FOUNDATION 


Grade Beams 



a) Affordable Cost 

b) Simple Construction Procedure 

c) Material (mostly concrete) 


DISADVANTAGES OF SHALLOW FOUNDATION 


a) Settlement 

b) Limit Capacity Soil Structure 

c) Irregular ground surface(slope, retaining wall) 


PRECAUTIONS TO BE TAKEN 

>Water proofing (use waterproof membranes, 
asphalt coating) and drainage of foundations. 

> Frost protection through protective coatings and 
plastic foam insulation. 

> Building below the water table level is costly and 
sometimes damaging to the building. 

> Building close to an existing structure to be avoided 
(any digging activity on either sites will affect one 
another and can lead to costly repairs) 



Pile material 

Steel; H- piles, Steel pipe 
Concrete; Site cast or Precast 
Wood; Timber 
Composite 


STEEL HPtLC STEEL PIPE PILE PPECAST 

CONCKETEPtLE 



No foundation Concrete foundation Bock footing Bnck fcxOog on RubWc.'flagttone roundsmens 

concrete roundsmen 



Rod tottng* 


/ 



tm 

y 

i.iii) i 

T 

1 

s 

I 




ttnrn 

H 

hi 


tc<Md kovgi 





tlH 

y 

rrm 






ntrm 

14 

in 





— R.C.C. column 



Plan concrete bed 
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Fig. 73. IsoUtcd RCC footing 
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ujj + Cover + Life Load N/m 
— Slab Load + Beam weight N/m 
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>^JJ V-^ ->=»<-* »^V' j ^JjSi 9f l.viit CulSj « 4~JUJl 1*1^1 ^ jUjVl cJit jiJ! ^iJi ^ 

-A •>»(**,'•) , (»y 

3 ^-^' ^ fi* ^ MHli- mW, M> Jj^ ^ ^Ui jU.^ . 

^4 Ikiii A-j :jsiji jUjVi r ii jl jua ! . 


Wjffi the best of wishes. 


examiners: <Dr. So6hy X 'Younes 
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r « ♦ V Y • * A J jSh 
^ j3 - 5-b ^S" AJUJl : 43 yill 
OIpU 


\Ja ;k 4 jwL^t 

4 ( » u b» J> l 4.U.. 

ajjlLi a^jlAi : 8^1 — Li 


Jjfifl a^S'l J# wJri 
Jjty Jt>jl 

.^W.;l?l) (jt' J*S ^ J “I 

J ?>Ji w ^ o * . * : \ i — gjr'j — JL» <kj j*- ^UU p-^j p ..*-Mfl.7 c-jyjal 1 - — V 

l5 Lp yi* U1 djb h*. j£s, vju5" £w*^ •>> Y w>y' Jj klyU <*LbA£**\ 

oXb 

gjUJl Jl j^Jl 

: 4j*>* J 

-^,YV - r,TY— Y,AY — 1,1Y -t,\o - Y,\Y - * ,At — T, AV - Y t ri - ^,©1 
Jy yjl cJlTj Oijj: JuuLJlj j ^Jliit ikUl cJlS" r, \ * - . , \ N - r,U 

« ^ .l ^ ^ijr-w j. I U a : ^ . . . . .d \ : ^ <J'iy» J j*\pt JiA- *'< — 4 j jJLiL* a^ULH j 0^ y»- L* a ]? aJ! 

4 y» ^ * jOA = <L~*y»U^) A^ijl vL* <J> O^lp t'ij 

CJteJt JlyJt 

S k, J>- JS U^? ^iiS'l &L-Al C i liji U-J C t J^UaJ' tbjl? • u 

v *_j* Ji&\ A OlTj ^ r \ , Y 1* jL^ cJt£i \ 0 . • : \ L^j ^ 

- V A = ,j^:l?g:)l ajjC X. Jb£ 7*k— ’ X&' y j*^ 1 ' 1 l ^a ^J £T lj^ ' * x r M *' 

2LiL~ 1\ (JlvA 1L« ^5 p^-y^ p $ C—^iP li] O jb^! *&j*p ‘w^ c5- i - )l 

.Uf^ ^b^li /y %A = v>^- ji jZ' \J2 


Jj jJb jtJ ^0 

— -jAP ^wl Jail— .3 



V • • 1 - T . . A 


Aailiii iiJA A — a j.K _ L. U\U a 

"*#** <*«&>" : 5 jU JjVI jjJ\ ^ jU^j 


-:J.i Vi j r< — .ji 

:^-jVj uw MS CiUUu) J ilSj 4 Jil& 3 l CjU^uj jju n^Jaj 


,<jjjJI ^j! ULlJI ^ Jlx^V'i JliSjl -i 

. ■ UArti i l ^ wlj'sj^^x*iM_J AaIv'S ^ 1*1 p I * U 

.^•'LuiVt -'-V.- . , . - J-J ij - ! J ki 1 -* J5U. Ajjjjl Jib Cjblj^VI AJj^ Jki-d 

.OUU» 0 J kj^jl ijAVli ^.J^J ,5033 ^1 ^axj-iL 

■ 5j-.,la^Jl -bUka'I VAj oiwbii f lfeiS ^JjL^US') jlkc-V ^bjtfl -p 


,tly_ ,-ft 

• -i 

V^uu >J) <^ULaii <>J& Ju J ^ ^ ^L-u 

j^'lj Ai^UUl 4 j JA\ y* 1 ^i ^ic. ^Jlai j£jj 

-^J^' ^ JlLk; 

'*— 1 I wjLkun' ( 3 Liii j. l .-'-■'“'I-N. i j ^£j)| — 7 - 


- JaUlil Ijl 


.^LLd) wj\j A-'jSil jc. U ^$ji -i 

.cjUiiji jl^ Ajjiii ^ 

. ijM .,» **— » > "^^ji k**ji /p Lkji jt s jsi jssi k^jr-o 

jk A, • »Jku j5^ _UJ JAS J iJ^J) saul%VI 0*J *_>Ua. M jlkkl -k 

ti>JJ «k«8 O' ^ 'j* ck- Je fZ > V X ',. UoW iJc-U Jx 

*-* '* ‘-^>* !l M**® S ^J OJj Jj ^-Si* JiJ Jtul ijtf Jtji, Jjisa 

r I sl>k 


• J-«Jl 0 =- ^liljl^V! ■wA-sJ - ■--. 


3 ^Lq 


^IaIjU klilal 4 S T ! «- yj V 

jjjLi i 


vS fp 

<>•*■—* 
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YC^i j£ ■-»£ '^*y‘ ‘ -, - >& "' 

(U jJ 1.5) , >,. . ( ^ Uj j2\ ^ J * 4Jl,B *® Ui> U ^ 

(^j» 1.5) ^ ““ ^ ' ,'^a^ >2 v>» ^ ^ 

'• S) ^ v * *' w *'* .£.“ 

;• 5 m. ^ * « * *■» ^ r? "-" 

(4a >1 1.5) ^^V»jVJ^ , ' a - LA ' U-JS 


1 .5) 


i (4 a.; j 1.5) 
(t*j»1.5) 
(W1.5) 
(Ujj 1.5) 
(<a jj 1 .5) 
(U>> 1.5) 


1) 

S (**.y i) 
l| (W 1) 


l{ (W> 4) 


.< j, Jp OUUH US t*i t* **-» “* 

•**;“**• J 
^ J» U-2> 0- ^ * V 

1 . ^ J3U ^J2' ■* 

.^> ^ ^ du-v> t i >' 

IT- jfl j*a JU» *aa-» ^ -2 

•*“*** ^ ij " “ X llJ* JU>^ t'J* -C 

|.-.t^ a 7) -:>mn> 

dL^I *' 

.jaw *\x* > **» X ,’“ «? ;: 

^ ^ .janw. ^ w. t J*“« i * A ’ ““ ^ ' ££.•,, 

a- ^ u. ••*“ ^ -” ^ ^ ji 

•>• *■*• ^ £ «M cU c* •■<“ I* >•« 

> 4.0 j- > t“ - " H .j_ a*, j Ji d- ^ 

, v ^, ’4 .ji.a.^iUl .^‘f-0.02 * >4“ 

-in <*£> ^ ^ J ' .^ l - 

Jj^j 

jjji .J 
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\ o) JjVl Jlj^l 

;Aji <■“ '«\r- 1 jl (jjiJU 1—1 i Jai. (Jjia “La jilll AjLoxI! CLjI jiaaJl jSil J 

\ Ag \ \ \ c inn ^ A-Lx^!lil c ^ L ) j (J J=>V' c > V ^ i> tJS 5 -Jj9J cf^i • 

(_ 3 J*J bag ~U ) (£9J^a <^jxa) 3^° c ■ '. Uu . 1 L$ _>^Vt i>a I— 1 JaiJl 4jl$j j> j ^jjj ££*j V • 

4 Ul^ j 

^io £JSLi3 LJ Ajab Lai Ax-<al^)]l 1 £ Vl'v J jS j£-aJj A j^ g llil Ao^)jl ^yJ^\ L-uLaJt C5^ (J^ 1 ^ • 

^ C fi A ) ^ J ^ c * O' 0 

;Aj3JlO (jjiJjLLa ^J) Ajj^I (Jujjl-iLai' .V 
— jl4 jL& o Auajj Y ? a — J^- 4 ^ 4-uajJl j* ^ 

(CjUjJ T) „ Y a % * j£] ^ Y ? a _ Y % JSJ f*ui Y # o 

1 4 J^UVftll (JA * 9 > L-Jjai ^J) 6 ^JuLlq Ijh Y * * ; ) ^ ktlaAj ^uuu J (J^jLlia ^ jj UJjIi^all .Cj 

O^i = A U i 4, ; WlS A^Y* = LJ 1 cinr^ (JfLJall A-lobj ji A,». Ja3 jXJoi jl (joiULJl ^aJ 

t 4-u^aB A^Y = u Jl t 4 ju^ 3 = 5 J & 4 ; uua& V^V — J 4 4o*^2 

(c^UjJ 1) .a 1 jlaill JjJa gdlL-al fS 

1 Jtj^l 

Is^jJajja A,Uasx.llI ^j-naj^ia £ ^)juj £a JaJ^-uall Un L ^^Luixdl £3 ^)li ditjix^. jLa-Aj ^^yM\ -I 

(tl »IajJ r) ^^auui^Hj tiLulak} 

^Lajj 3xJj # jla > * 4^Y $ <i jia 0 • ^ ojlOraJl ^jloua c ^ic. j /l la.lS ixk -LJ 

Ufi jla Y * jAj ^ojujVI Ajjia (jo ^ui \ \ jl^AAJ j^ycaiL <ijia J ^j 3 jfi^ki 

(CjIajJ ^) . 0 % * : y (JjuUIaj <La j-a 4lajji ^^,-Sp JLiit life 4 j jjAJ ^ill Jjlalt jA 
(Jjia jlS J ^Ltii l^-Lo ^iAL <^5iLujU l^O^yLJai (^C' ^JaLa^j JSjJoSI <*J^a pLu^ll ^^3 A-pLa AiixLa -CJ 
j-Q cJu^ILJI oljLa ^1 j liiLuJl ds^2a. ^LtiVl cJ^ t . 

UaaJl jA Laj jlAaiUj ^jja! 1 jIaIL (jijVl 4*Jb£ 4 aLwia La ,1 j1a Y * 6 j33 t!llui JS 

(CjUjJ %) ?4aLulaJ 1 UjLuA ^ j .« H >1 1 

;(4aj^ \ Llilllil Jt juJl 

jt dbaio lij ? LflU ^tiu a jjj SjJ^uI^a]! 4jj 1 jll ^LaoV 4 jU *]l diljia^Jl ^ -5 

(CjUjJ r) .Aj] jUI CLLuaLiil ^L\-^luobj Jaia ^ jliJl (> o^W^' 

;A^allll LjUIjS Cul£ ^Uo3 ^Jo Ajljb A_ijl jxa pi j^j -<-j 

>ua- s Ai - Y,4o _ Y - _ Y,A* _ Y,% A - - Y^A - T,\ S 

^AV- ) 9 \r- %,Yr- *,tt- ^Yt- >^A 

1-2- 



4_ul jiA (J jia. y (jjc. _ s j*aUJl J < L-uJLjJ1j 4ju Jl Cilf IjaJI a*j (JSj as (jl jxalt (j^j 

iiaj jia jA A^uwlilt 4jaAill lj lLh qI£ lij 4_/sjiUI 1 <J^ cJ-^ 1 . ’J 1 "' a 

J 4juijll 4iail]l i— i^ulLo ilibj JLu 4 Jj % * ,® c3^®d ^ILSII li* ^!j 

l r ^ V ' JIa £ . ^Llu £tLUl iali lij j]|j jiaJt £li3jl i^j J <j}*i “M 3^' 

\ V) .(jiaxJI 

(ClUjJ %) - MJ> 

:< jjb Lui ^LS ^wjJI ^ CAJLJi ^jSIaII CiUj*-jJU £^aj 

.4jjUI Jl CjLilJl JUa-V' JU&' -1 
4 U1S <«^La]l — Lxiy*. AjjjII — AilaJl I c> (-J^ o ^jjjS]l-c_i 

^ jiiJi ju^Vij ajjjJi jjj o& VO yjj 2 <-^-° 

>0 «L,Vl t j^aJ ^^jujI J <jJjJbJA>a *^^J 

.dlLilall ^il! ia j^Jll ojAUi CJJ^I ^jj ^1 <_lU^Sfl U^u- 1 - 1 

(CjIa jJ ) ♦ ) -;^>< mIS J 1) Jl j a A \ 

?du jii L Q f j tAjjil ^jALa -l 
?aSjo»L<lLo j_iiJl AjjjiIIj ** ^ Ajj^]I (JJJ^I ^1 ^aLa-l-j 

^CjUUaII I^jijujj j I jjJaVl LvjJa j>a (jSLuuJl dlli AjjSil J^ l K* *^ (*5^ j£il-Cj 

VL^-jLlJA^k. jla&i 1 A^L> AjjJl < flJU^CU j^ Aj i 0 -»C-J 

(j>o ^5 ^ Laj -kjj^ll o* “C 

# cliLuilxuVt (^J^ax ill J jSil liJa ^l^LajbU ^ C5^' 


(vIiIajJ Jl j . aJI 

(^Jc. ^ji)Lu»Vl c. .A .iSj Jai-iJ=J! Ac^lliJ La -I 

t A.rxJa^H diLuaLuibU A 4h^xJl ^ ^>llj ^ jSil-L- 3 

VA-ia^iajaill CIjLujLujVI L>^ V^J AAIaxJI djLaiLujV I ^IjL^-baiV ^la-C-1 

4 Ia JLlili Ajlj^LlS 1 » VI <^llij Aibaxil OLuiLluVI ^ ^JiLLauiSl ^ ^t^jl -Lj 

£> jtylLa ^ jj-a (JasJ Aj^jjj (JjIS ^ S^ljlall AjKII A^u9 cjLui^. L-ijlL-all 

aIc. lil **> ^ # * x ^ * La J jlxji t L ^1 Tt aj f/cJ^ 3 


A-Jj!lll j_3oJl 6JL-2WJ (JJJ O'j (JJjLjaiVl (Ji-J^ J-La T ^J->aC. £-Sj (J-jl£U (^j-lxH ^tixuiJl 

r ^a / (ji» ) . H j& cijLSJl J j^jaJI 
. > jJ! cUJI ^>iS‘ 



With the best of wishes 

examiners: (Dr Jlhmecf Famiif^ 


(Dr. Sobhy y?. <Younes 




j \± Lo - 


:(15Marks)^' J»>J 


^jici jili i.i-k' H i /j ^ ^ 

V'& V v & '/A Si V® =U JiV 

T ,°-& \vr & .,4 0 =^^:^ 

M* & ',*» & V = jl>*U 

r,Vo & >,ti = u'J^ £*<>' 

-^j' . (9.80) >* jl j ja]I 4_iaij wj y. .* w ..' .jL.T- -_» 


. AB -i=^-i' j'-iaj) a^. ji v jl» 5() JjILaj JS jjj 4iL—«l' jll'S L • 

| 'Vq s Jaa ^ic. /J . ./ ,jjj ^ua j V • -A j . • 

A » AiaAjJl JlIC' ^ jIJlSL* |J 4 U> : • -r. ^ Jr - ^ 

. ULu 1 m 

:(I0 Marks) ^ >- 


% ? wl— J j&J V jl£ j - ;■ nU, 

t UH 11**. j ita* V jM Lx-^a j* <-J ^-a*- 

. -'Ji j'^' '- ^ C— *J 

#%r u-ill ^y» CjI-JuaII y _ 5 ic- I j^-a -° w- j — *- ? I 

LaA ^ If* - o J k^ii ' *k3(^ 4 * V .1 - ««- W. )m «... T.-.Q . '* 

^y* ^JlASfc'i 1 w ^i— 3 J 4-i 


.<JaU 3 .^JwL 

* ■ ^ ^ aJIaJi <j jjt * — >'o 

jJjLuOaJI ^ uli o >fcUa wJjAaJ y ^oi' 



U'itli the best of unsftcs . ..... 

examiners; >Dr. jihnuuf Q-'aroul^, Dr. Sobhy Younts 



